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^M)*}7im ( ^SLS. ^% «VJE*fi M-^ 0 d^>^ ^-^ls. *1el«H, ^ 

£ 1 
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M-^^^ ^5^1- °o^>Jl# ^ {Improvement of Quantum 

Efficiency by Surface Treatment of Compound Semiconductor Nanocrystals} 



£ 1^" ^ ^A]^ lofl Aj CdS M-ii^^^ ^S] ^"^71 ^ 

; 

£ 4^ ^ai^i CdS M-i^^ ^M-^l-^l^ 

^^^r ^r£^l M-ii^^S] -f-tr °o^>Jl^: %MH1 3 , 

A oMl*>7fl^ ^ yj-^ofl ^12:^ ^JE^fi M^^cH &°H, 
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<7> ^£*1] 3-7} 9] %^0_£_ H)^}?)) ZL ^3 <?31 AjS. ^ 

^^(bulk exciton Bohr radius)i±tf ° 0 ^r *ll?r (quantum confinement) 

i4^i^7fl o]si^ <# 7 j. *fltr Jl-cHI ^-£^1 #^^1 ^-^-S. q-E^-q-ci «H= *j ofl 

Uix] 7 > ^S^tU ^Sflo] ■grj.^.g. aV £ ^ ^-^O] ^ ofl ^ ^ ^ o. _ q.^. 

^-l-^ 3711- #<*|7 r ^ 3.7] ol^oflAi aflc ofli^^}- ^Sj-^71 ^l^H 

°flui*}7> ^ ^7\^\7\] ^ <^^ol igXB <g<*0_^ O]^^ ^Ajj ^o]( blue S hift)7> 

^T#^14. °1 *H # <#7>^ (quantum dot ) -.^o] S-A^ ol^^>c^ ( ^ x>^l^ ^S, 
^Efl, 3711- $\x£ Hflc 5^5^ Cfo^^ oflui^l ^ ^ 

<8> 2^1^ «fl^7> 7>^*V -H-71 -g-uW>H ^^fl 1-^^- ^ Cj-O^V 3 7l Si uL-^^-g- 

^^171^- 2^3^ ^Al Hj-^o] ^ol Al3£l3 o^cf. ol ^^7^ Tg^o] -f>- 
71. -g-nfl 7 > Af^^l <#7}*j ^ &t$o\] Hfl^ ^-AV^o] cd^g. ^ ^ o^^o} ^ 

^•i" 371^ d^Ml ^Cf. Ol ^ ^ Af-g-Sl^ ^JES* -R-7l -g-ufl ^ ^ 

-grSSr *1*> f"§: ^^1^1 O.^ a7l o| ^ olcf^ ^ol o^cf. ZL 

SiM" °^}^^ 37 ) 7> nfl o. ^. 7] cfltil ^ig^ Tg^ol ^-c>|ul-7fl £)J1, ZL 

°fl 4sr S^l ^(defect) °] a| 7 i 7 ) ^ j, o^ol oflui^l MH= 7 ^ ^r°Hl ^7fl^ cfoj^. ofl 

^-g-*H ^ ^^-JL## ^Tfl °>#^ ( 371^ ^>7J^. 

711 £1^ ol&lt}: Cl ^j^>7l] ^^7]} ^cf. 

<9> °o^>^^ ^-^-^^ ^ 7}A ^ ]y] ^1^-7>X1 iLZLSl « 0 V^^ 3711 ^ 7^1 uf^c^ 

^ ^ 91*^ -8-71 ^-71 °^7l-^o) ^Tg^ iLJrnl-g. ^ o.^ hV^ 

(surface pass i vat ion) ^1 cf. l-e^^>3 -B-71 ^Ml^ ^^-<Hl tcfel- ^-^-Jl 

^-°1 ^^H, ojofl cH^o^a^ ^-^ JE^iH^Ktri-octyl phosphonic acid)^ ^z]*} 
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CdSe ^HJ^ ^li 6 } 1 ?! (al lylamineHM- Stil^r^dodecylamine) *m* r 

£ ^jL-ir^l 40 ofl^l 50% ^V^^r iJl7> oicf. (Nano letters, 2001, 1, 207-211) ^-7} 

^HflS] ^>^^1 ia^Kcore) ^7l#^ il?|<y H(shell)3. 7 y 

*l?fl S^t-fl, nl^- ^is] ^16,322,901^^ ^16,207,229^^1^^ ^#o] ^ 7 >^ S o>-^ ^ 

S« 7>^1^ <&z\-Q #^ ^ ZL ^^wj-^ofl cfl<j}<*| 71^^1-Jl ^4. oj^T]) ^ ^ 3.o}-^ ^ 
2:^1 S^tM- fc^l °^}^ ZL-^O) 30% ~ 50%?}*1 ^7}^ 51 iLJ15l^4. 

°1 u o V ^^r ^3f^-a.Cf Cl «!7HjEl£ i^^* 7H^o> ^ -i^-g- ^ ^°\] 

*\ °^}^9] iQr^ S^J-o] &1%i5}jL, 3.7} f£7} >£sH& ^ ^ ^ ^j. g. £7 j. ^ ^o^i*. 

7r*U 5^. ZL£f ^AHi ^o>-^ ^STj-^l ?i All 1-<I1*1 (mismatch), <£s>\ ^7} 
^M^M^i M-El-q-^- interface strain jH^o] ^.^1^ ^Mit!" °J°- 

^*Kr 2le^l # c] Ti^tr ^SLS. ^£l^^£ fe£r ^Jl#* 7W^, ^(alloy) % 
BflS ^^Sl^r 711^ ^ oi ^ (cfl ^n]^ ^ #^1 ^2003-49547^) °1 ^ - 7 fl 

°l A o V ^ ^ ^l^^ll- ^ ^^^1^ ^1 ^Efl^ -g-Al oil -H-71-g-nfloll al 

-gr^ O.J=*| ^^-741 ^f^* ^^Rr H o V ^^-S., 71^^ ^o>-*J ^2-= <#*>^ t}" 

^ H o V, ?Hl wl^>^ ^Jl ^^l-^^S ^Jl#-°t nfl-f ^^lAl^l^ Jls1-7> 514. ol^ -PtA^tII 

^^741 <^7>^2l ^ ^^li-sl til^oil rtf^ ^ ^ S ( hom0 geneous 

alloy)7> s\7)S. is}JL 3i^2] (gradient )# 7>^7l£ is}^ <y=7^^- ^^^^cf^ ^.Jl 
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^ ^Hflo] cy:^^. ^s>^cf^- iJi7> Slcf(jACS, 2003, 125, 8589-8594.). 
*}?\ fe£ iJ-^Rr °J=*}3^ °o^>Ji^l tflt!- iLJi^ ^^M-, ^ 

*1 H^l §-*)l^ Sfl^Sl*! *«Hr %SL£. ofla^- ^ 



[aV^o] O] -LJ7 7| 15}^ 71 4^11 

W^°l #2}-£l*l ^o.^^cl ^>Ji^ %HVol H o v ^ ^-^^.S. fl-cl-. 

^^i cf^. s-*}^ °o^i-j:#oi 5}-tl-# «V£^1 q-ic^ ^ oi-i- 

S#*Rr -B-7l^7l tti^ft *fl^Kr 3°lt}. 

^. ^3 Sj-^H ^2:^ ^tf ^^l M-^ 

€-^lJL ^Hl *H °o^fltl: ^HH^fe "SMtH W ^«1^. 

^21 Cf^- 4=^*- cH^flS} -fr7l^ ^ ^-71 #.0^. ol =.o^^l ^71^^- ^Hl XI 

^^-#°1 €:€^H1 si«H 5}.^ uf^^^^- ifs}^ ^o. £^,0^ 

*>fe -H-71 ^71^ ^T^Hl ^^14. 
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<16> olsHjAi ^.g- ^ ^l^Tfl ^ 

3. *fl£ESM, °1» J±Cf ^Ml^l-Tfl ^>7l^- ol^«T- 7l7flofl <^fl H ^l^tij-^ol 

<18> ^ai ava^ .g^H 5)-^^- oVEsfl M-ic^^-i: ^^7] q^^-fr 0} 

^-^1^ ^ $1^ iit ^>-§-W. olnfl «.AV _g_ D )]7> SJ-^ 

M-i^i^ S^ofl «fl^ ^ SX^ 7)^-o} oio^o> ^57, ^ £ o| ^^(bulkiness) 

^ -§- n flfe «M ^^(alkyl phosphine), <M li?! ^Hi=(alkyl phosphine oxide), 
^ (alkyl amine) ^~g- <^}S. 1- ^ flo.^ , w^*] ^>7fl^ (phosphine) , ^> 

(phosphine oxide), ^^7> °^>^^ afl^]^>^ -^^°r 7^31 <£ig| 

(alkyl)7lS] b}.^7> 8~167fl ^JE*], #^ ^ o] ^ji, 7^^^ (bulky) ^o^o] a}-§-^ 
£-^> -g-ofl^ $ 7 H ^ o)Aj-^ ^*}a} Aj~g-i§- ^ £ o^c).. o]e^> ^ -%r^ 

^7) #ofl tiling ^^^n]-, ^ 7J o. AVS}.£)^ ^ ^ ol 0_H5L 

€-2-7} $1-2-^ , 3] o_A] 7><y-# %V clef. 
<19> M"^^ o\}^ ^ ^ofl Hfl^A]^ ^S^l ^ *V A} 

^^o.S £-^_M]7}- $7>^ ^ oicf. o] e-I *V ^-^H^S. Hj-i^ 2 t-fl*l 18^ 

^-4^^>, 2 vfl^l 18^ ^^I^t-]- 2.^-^^}, e]-^^ 2 4H 18^ oj-^^iAj- 2 
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ifl*] ^l^^h 3:±.*r 2 ifl*l 182] lilH^, e}-^- 2 18^1 1^°]-^, Shi. 

t D IS A J, ^ i^SH^Chexyl phosphonic acid), n-^llilH^, ^2}c|| 

3^ -g-Bflfi]- ^711- -fr*l ^*Rr ^£ofl g^O^ ^ 

iofl ^tr^ ^^^>7|1 ol3£- ^§>J7^> sr>^ #^ofl 7^0] 7 } ^* 

^ SUA*} 25~500°C Cl^r HHM*r>flfe- 25~350°C ^>^]7> ^rf. «V-§-7fl£] ^£7> ^ 

A H ^r-i-TflS. ^ $15L^ 4*£* S^Hr ?M #-&tr ^7>7> «V£^2] 

^^AS ^#^31 (metal precursor)^ ^*fl(chalcogenide 
precursor)* rt^s. ^7}*}<*| y>}±- yj-^o] 7 )^d\) ^0} <y-^^ oi^ H o v ^°H (J. Am. 

Chem. Soc. 115, 8706-8715 (1993)), #^7fl SHMI* *}-g-«H ^^l^ a]~§-^- 
=r &i=f(J. Mater. Chem., 9, 2433-2437 (1999)). #^7fl A}-g-S}^ jg. v ]\3_ ^ 

^ £^17M, i^flb *d^l -g-^* H ^ 5&3EJ=- 

(viscosity)7f &J^, ^-g-TlHH <^^^7ll ^^fl^ AV^-*Vcf. ^ S s]^cl 

(pyridine), ^^(alkyl amine), ^^i£^^(alkyl phosphine) ^-g-tb^. 

^ ^ #^l7 r BH>=7]1 «]:-S-7j]ofl -g-A]-^ - UtiV^- *fl^o]o): ^ ( tiV-g- ^ 

*r ^}*}JL tiV-i-i: ^sfT^, (core-shell) ^eflo] oj^.g. ^ 

^°r^l S.^o\] 5}^ ^7l( inorganic) ^« ^ ^^tlc)-. 
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o}(core)3 £i(deposition)7> a>-§-^ i^HH ^vzm. ^ qj^jl ^ 

3* ^*1H fi^r ^ ^-71-g-nfll- c]^H ^ (vaporization) <HH*lS ^ ^ 

^#-g. (quenching) *1 ^ ^ &7fi ^tf. o]^7fl 

J= ^-EflS -g-nfl tflofl ^-AV^o^ olo E£i -g-nflJL-^Ei -g-e^ti ^ 

<22> g^-g. °J-£^1 M-i^i^ S^Hl 4^ ^ 7>^1 ^Efl# oj-§- ^ ^^Cj], 

^(sphere), ^tfl(rod), Hsl5L^(tr ipod) , ^Be^3L = (tetrapod) , ^^Kcube), ^(box), 
't(star) f-i ^ -H^-Sfl^ ^^>^D]^(HRTEM)^r ^>-§-*>^ °<J=^^ ^ 

< 23 > £ ^^IHfe £ 0 ] ^^^o.S 3j-^# aV£*ll M-^^^-l: ^^5. 

^^^H €:*ll*Rr ^^1^ v+i^I^ ^Sl- 3H-# ^Jl#* 

< 24 > a. « o v^o. s}.^.- UJr£ ^ uj-^^o^ ^ = ofl a^s)*] &ji 3-8-7 r ^*m, 

CdS, CdSe, CdTe, ZnS, ZnSe, ZnTe, HgS, HgSe, HgTe, GaN, GaP, GaAs, InP, InAs 
oi -lc^^i s}-^ avj^i q-ic^ofl 3-§-€ ^ Si^. ^ss] M-^^ se^ 

# ^ 0 v 3-°5. 300nm ifl*l 1300nm ^$Hcf. 
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<25> ^HMlSfe j±3.3l-°] = i!j-o] = ( sodium borohydr ide) , elf- iLS5}o|£e}ol£ 

(lithium borohydr ide), e|# ^^l^H^-SH^-O ithium aluminumhydr ide) -§-4 s>°l 
^o)el ol^( H -)» afl^ ^ flfe £ - <g J! |. j sH^e^ (hydrazine) ^ -JM # 

^« -§-^ A>-§-^ - o,Cf. 

<26> £^ uf^^^jif ^^tt -¥-7fl wl^r 1:10 ifl^l 10:1^ «r 

3L^*ieH ^^u}, a^-i- i^A]^ - oi^ S-afl^M oi 

-cq x^V CQ-=Q. -g-o|] ( ofl^^l #S.5>o1c j fSSitf ^ -g-nfl cc^ ofln]-^ 

#, ^ ^* ^3 ° S V ^€- , t^Hm i#o>u>ol^. ; e|ee} s>ol = ^ ~q -o} ^ -g-nfl 

<28> s ^ ^ o ^ 100 ° Cj H|.^-^ei-7i]^ 10 5o°c °icf. ^r£7V ioori- ^4 

<29> ^ igj-tgo} ^Bl^ofl o^xg JrJ-^-i- ^£^1 ^ O^J: .O-o] «r^^^7fl^ 30% 
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tl- H o v ^ ^ ^ ^cf. ^7HH u}^^ 5 100 nm°} 3 

<3i> oje^ ^71^-^- i^fe -f-&3°-5. ^^^1 ^/^fV-g-^-, 

°^/»l2l#/^#/^, <£^7^ ^^/^W/^ , 

0 <^/^f^^€^#/^#/#^- ( O^/tH^^/^^^^^/^V^/^^^^A/^^^ o o t^/ 
tH5l#/^^-^i^:#/^#/^^l-^-#/^ ^ ^€ Si^-M-, °H tb^^^l & 

7il^ ^e] = a] o>i^( copper phthalocyanine), l-ejElS.^ (polythiophene) , 
(polyaniline), l-^MlMCpolyacetyl ene), sl-Hil-(polypyrrole) , -8-^1 2fl ^ ^ ^1 
(polyphenylene vinylene), JEE^ -rr-£*fl-I- ^>-g-^r ^ °H tr^^l &^^f. 

^ ^^^^^^^^(polytriphenylamine)^- ^>>-§-^ ^ & ^-M-, <>H1 &^t}. 

^ €3^r^W*(polyoxadiazole)* *1~§-^- ^ ^04, o^l ^sq^l ^cf. 



23-12 



1020D30063229 #^ <5J*}: 2004/1/29 

^ LiF, BaF 2 , MgF 2 f-8: a>^-§ ^ ^s)*} S^t}. 

<36> a. J=L 7 j o. 7] ^ # ^ ^xj-o. jg.*^ ^-^u}- Hj-Hj-g- ^Jljg. 



<38> ^aHI i: CdS q-^^^ ^ ^ U£ 

<39> j|Lig ^(trioctyl amine, °1*> TOAS ^-e^) 16g, #31°1<l> 1.9g, ^ 7>i=# ^> 

= 1.6mmol^- ^ 3.^7} 125m i ^e^^ofl jso} ^^a-] ^^1- 

300°CS. ^^1^4. ^JES. S ^-iM: T0P°fl ^-oH s ^--£7> 0 .1M ^^91 S-TOP *}-§- 

_g.o_n o_ n> lrJli o] s-TOP -g-<3 1.0ml* «]--§- ^W^l wl-€- ^°^^}IL, M^is} 

1- 7>¥# fel ^o]c £iL | Jlj Hl-g-ni]( non solvent)*} ^m** ^7}-&}<^ ^ai 

^1#5S^. ^43 ^l^lt!- -g-°-3* nmB*lH i^jl, l-^-<a 8ml<Hl 

°1^7fl CdS l~¥-<a -g-^ ^ 1ml* #)sfl 0.02g^ NaBH 4 # ^Jl ^ 

30^-?i iE^H ^el*>^^. 
<40> ^3 J^o] ^- a}7l ^ ^B^Cphotoluminescence spectrum)^ ^% ^ 
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FWHMtt 25nm ^51S M-Ej-tftj-. £ IS.^] f-^ ^ 

5. *V°I» SL°1*1 ^sjiH^sl #51(intensity)7}- 3.7]) ^7} & ^ 

85%S. 3 Til 3* ^-"U^ cf. 

<4i> S. 3^r «M1 ^ CdS M-i^t^ Jl^iE ^M-^H!^ aV^Khr-TEM, Scale 

bar=5nm)ol^, o)^b] ^^^<?1 <^}7> -g-<^ ^ f2f 7}X\51 ^ 
£ 4^r ^e] CdS M-^^* ^IS^H ^ A c v ^S. %°§& 

(TEM, Scale bar=20nm)°] ^ , M-ic^^s] 3.7} §-£7} <^SM, a] ^-« 0 V^ 

hexagonal packing)* 7}<g>^7ll °}^-JL &-§"§: ^9llt 31^-. 



<42> ^Ale^l 2 : CdTe ^ ^ 

<43> TOA 16g, ^eflo]^ 0.5g, ^ 7}:EL-§- £11 °1 H 0.2mmol* -§-^Hl 

125ml l-e^Sofl ^51, M^}^ 180 °Ci?- ^^]^cf. o)sq. Te -gr^ TOP 

°fl Te ^517} 0.2M ^5L<?1 Te-TOP -§-^# ^l-^cf. °1 Te-TOP -g-^j 0.5ml» 

A o v ^?> a J-g- ^^-#^1 4t ^^*Vji, jh«i «t 30 ^s. -fi-*l*|-S!4 

, oflE^g-^ «-7>*H €^ ^a]lr ^l*>£i=h €^ -§-<^ 
cfl?>B«flAi tHelJl, ^-§-8: M-SS 5m Ml -g-^A^c}-. ^1^711 *?V#<H*1 cdTe l-?-<?A -g-*j ^ 
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lml S ^S. ^tsfl 0.02g ^J£^ NaBH 4 l- "4JL -#-8r°lH ^ 10^-?! ^B^V^tJ-. *i3 # ^ 

<^7l 1^ ^^H^ (photoluminescence spectrum)-^ Jl, ZL _S.-t- 

622nm<>lH M-Bf^Jl, FWHM^r 60nm 5. M-E^cf. ^ej # <*|7l Jl#^ <^ 5 afl ^ 7 > 



<44> ^*H1 3: CdSeS U^^^l thfl g a?* ^e) 

<45> TOA 16g, #31^ 0.5g, ^ 7}IL%- ^A>ol = 0.4mnol-g- $Hf- $^7> 

125ml #H}^a.<Hl ^JL, JHaV*>^^i 300 #^1^. Se • ^-g- TOP^l 

Se -^,£7> 0.25M ^2.^1 Se-TOP ^#-g-^# S T0P°fl ^-^H S ^£ 

7> q= 1.0M ^5.*] S-TOP ^-l-g-ofl^ ^!-53tK ^-71 5^ hV-I- ^#^1 S-TOP 4t 

■8-«? 0.9ml Q Se-TOP -g-^ O.lml^ ^tM-§- ^*>JL 4£- ^5. M*IX\ 

H^JL, Hl-g-oflo] oH^o. h. 7 ].^^ ^Al ^a1<5}53i}. ^ ^1S>1*V -g- 

°-3£r cfl^VH^^ tH^Jl, ^*l#£r W^<& 10ml ofl ^^Al^cf. o}ig>|j nVs-o]^] C dSeS l~¥-<3 
-8-^ # lml # tcfs ^tsfl 0.02g NaBH 4 l- ^#ZL #£:°IM of ^E)*>^cf. ^e) ^ 

M ^-^7] ^jg- i^H^Cphotoluminescence spectrum)^- ^ 552nm°l] 

*1 M-Ej-tfji, FWHM^r 40nm ^Eftfcf. ^e) *J^o} ^. «^ 7 ] ^ j-.g.o. ^ 3Bfl 

<46> ^jgfl 4: CdSe M-^^^l *g S.t$ ^gj 
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TOA 16g, #31^ 0.5g, ^ ^a><>1 = 0.4mmol* %-*}°\} ^ -E-<3H 7 } A i*)Q 

125ml #5}iH^ ^51, M*Vi5}^*] 300 °C 5- ^A^tf. Se «^ xop^j 

^r°1 A 1 Se ^£7> ^ 1M ^£o] Se-TOP a]-#-g-<a}-g- °>l;^cf. av 7 ) h*Is)jl *}--§- 
#o)l Se-TOP *}-§- -g-^j lml ^ m?-E- ^<%f>}JL 1-g- ^S. oj M^V A^tf. hV-§- 

*H°J oflfM"^ ^7}*}°$ €43 ^Als>^Cf. ^ ^S>)*V -g-oflo. 

*1H tH^Jl, 10m HI ^Ul^cf. oja^i nj-^cH^l CdSe #^<?U ^ 1ml 

1- 4^- ^«fl 0.02g $S.!*\ NaBH 4 l- ^ZL Aj-£r<HH ^ 30-g-# ^e)^>^^. e) £ 3*9) 
7} ^% ^^ H ej^- s.^^ ^ ^ = 520nnHH M-E}-^, FWHM-cr 35nm ^ 

IEjeL M-Bfv^cf. ^5] # <^7l ^ ^ 7tifl #7H>^cf. 



<48> ^aHI 5: ^gj?T- CdS <>l-3-?l ^71 ^T-Qj *n<a 

<49> SflE^^ oj^ IT0 7^ ^JjLofl ^ ^tfO S 

PED0T(Poly-3,4-Ethylenedioxythiophene)# 50nm ^v\]S. i£l S^Sf^ llOtHH 10^-^ ^ 
e| ^j-ji, zz. S'S ^e]?V CdSe 1 ^12:^ flisll -§-°J]-§- s^*V 

^. °11-.?1^*>^ lOnm ^^-S^.^M ^-¥-^1 Alq 3 

(tris(8-hydroxyquinoline) aluminum)* Ir^}^ 40nm ^£2] x\7-}^^^=-Sr ?§*$?>}JL, tfA] 
LiF# lnm ^^f>}jL, ^-f^l^-i- 200nm ^-v\]S. , ^7l 

Q^*}^. ^12€ ^7)^-^- ^7>o^ ^71^^- ^ee^ °1» £ 5^1 u}eH]£cK 
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^ 520nnHH 14^^ Jl, FWHM^r ^ 40nmoH , «v 7 l^ 10Cd/m 2 , Jl^-£- 
0.1% ^£^4. 



300nm tfl*l 1300nm^]^i Jl^o] , c]^^-eflol _ ^ f oflui*l £-0) ^4 ^-o. «_ 
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[3^8- 11 

s^aj ^ ^^ofl o^^h ^ls^ ^ft «V£^ q-^^^^ ^xis. *l5l*H 

2] 

>fl >8-7l y>£^l M-ic^^ol CdS, CdSe, CdTe, ZnS, ZnSe, ZnTe, HgS, 

HgSe, HgTe, GaN, GaP, GaAs, InP, ^ InAs^ ol^^^l 1^ °l A <}-£] g-^s. 

3] 

[^T 1 * 4] 

*ll Sl^H, ^71 ^*fli^ eM^2K|j= ol^.( H -)» ^ <3, -H-7] 

«T«1, «r€^ 7>^ SL^ ^71 7>i# ^-o] -g-ofl^. A}-g-<5}^ ^ H o V^_ 

5] 

*fl llHl 5a°W, S^l -a-71 ^HH 3*H afl^^M -Sr^Mlsq- 

-8-nfloj) q-^^^o] ^VEfloljAi «-^e]£|fe ^ <L£. ?>}±r ^ . 

6] 

*fl 5*<M1 &<H>H, ^"71 ^^|7> eBi^ 2 vfl^l 18^ <^^7>s^-^aV ; 2 ifl*] 18 

^ <t5Hl^7>s.4^^>, ^r^^r 2 18^ ^^Ah 2 18^ 1M1^#^V, ^ 
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2 vfl*l 18S] ii£H A i, 2 vH^l 18 ^zJo^J, ^ 2 vfl*] 18^ ^Ml^cj- 

nl S ol s^^l ^o.^«-Ei ^Uj^ o] AVo^ # ^ol 3}^ ^ *H=r «o V ^ . 

[^T 1 * 7] 

(hexyl phosphonic acid), n-^liim^, 31 He}- iiiHiK iij£^A> i 
8] 

UN SH-M, A o v 7l ^T)] ti ] 7 > 1:10 vfl^l 10:1^1 ^-g- Jf-^O-S. 

9] 

^1 l^Hl ^^i, ^-71 M-^^^S] ^B]7> 0 100°C<>1H °1-¥-<H*1tt ^J-g- 

£Rr H o V ^. 
10] 

^1 1*M ^7] ^^$] ^7\ 12, i^^l 2^ -^<# °1 =-0^]^ 

[3^8" HI 

(tetrapod)^, ^ y 0 v *ti (cube)^ , ^(box)^ J£^b iEKstar )^ <£l *Kr y o v ^ . 
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13^* 12] 

4 1%H1 5a<H^, A oM H-ii^^ 37l7> 1 i^^l 50nm<?] ^ ^°-3- ^ «o v ^ . 
[3^8- 13] 

14] 
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151 5] 

0.0003 
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